We describe a high pressure hydrogen gas time projection chamber (TPC) which is presently operating at Fermilab both as target and as recoil detector in an experiment investigating the diffraction dissociation of photons on hydrogen, yp + Xp. The TPC, which consists of two cylindrical drift regions each 45 cm in diameter and 75 cm long, measures the polar angle and the energy loss dE/dx of the recoil protons. Typically, at 15 atm of H2 with 2 kV/cm drift field and 7 kV on the 35p sense wires, the drift velocity is about 0.5 cm/psec and the spatial resolution ±200g.
INTRODUCTION
We have been using a high pressure hydrogen filled time projection chamber (TPC) in a Fermilab experiment (E-612) which is investigating the diffraction dissociation of photons on hydrogen, yp -+ Xp. In this paper we present details on construction and performance of the chamber and describe briefly the experiment for which it was designed.
The chamber acts both as target and as track detector of recoil protons. It is used to measure the polar angle, 6 , and dE/dx of protons with 10 < T < 50 MeV and 450 < 0 < 900. The Fig. 1 shows the mass spectrum expected from 50 GeV photons. A pressurized target and good detector coverage are needed to obtain a useful event rate. Good mass resolution is essential to the study of the resonances. A AMX2/MX2 = ±0.03 may be obtained in the region 0.05 < Mx2/s < 0.1 with At = 0.002 (GeV/c)2 and AO = 5 mr. The latter is limited by multiple coulomb scattering in the target-detector combination. For this reason, a liquid target would be inadequate and a low Z drift chamber gas is desirable. The TPC that we have built is a target-detector combination that satisfies these requirements.
TREAD (The Recoil Energy and Angle Detector)
The recoil detector consists of two identical endcap assemblies mounted on a 26" I.D. x 84" long stainless steel tube. A schematic drawing is shown in Fig. 2 . The vessel may be pressurized up to 20 atm with hydrogen. The beam enters through a 2" dia. x 0.030" thick hemispherical beryllium window. Recoil protons from interactions of the beam with the hydrogen are stopped in 1 1/8" thick scintillation counters placed 9" away from the axis inside the high pressure vessel. The energy of the protons is determined from the counter pulse heights. Particles penetrating these counters register on anti-counters. The photon dissociation products exit through an 8" dia. x 0.080" thick aluminum window (not shown in the figure) .
The ionization electrons generated along the path of the recoil proton drift along axial electric field lines towards a ground plate where they are detected by a set of concentric octagonal sense wires. Because the drift velocity of electrons in hydrogen is a function of the ratio of E to the gas density, angle measurements of the required accuracy demand tolerances on the electric field, temperature and pressure on the order of 0.1%. The temperature is maintained constant by an automatically controlled heating jacket surrounding the vessel. A pressure transducer controlled with preset limits activates input and exhaust solenoid valves to keep the pressure within tolerances. In practice, allowing the gas to leak at a constant rate maintains the pressure within 0.01 psi of the low set limit. Finally, the electric field is kept uniform by two "cages" of field-shaping concentric metal rings.
The outer cage consists of 48 rings made of 1/8" copper wire and connected by a bleeder chain of 48 x 100 MQ metal film resistors. These rings are insulated from the wall of the vessel by a 1/2" thick polyethylene tube. The thickness of the wire was chosen to prevent corona discharge. Since the inner cage is located in an already uniform electric field, thin (0.002" diameter) wires were used for its construction. 
SENSE WIRE GAIN
The sense wire gain in hydrogen was measured, prior to building TREAD, in a simple proportional counter consisting of an anode wire stretched along the axis of an 0.5" I.D. aluminum cylinder. Measurements were carried out with 20,i and 50,u diameter sense wires at pressures from 5 to 15 atm. We have calculated the sense wire gain by integrating the first Townsend coefficient, ac r2 QnG = ct(r) dr ri from the anode (r1) to the cathode (r2) using a simple approxima ion for ot suggested by low pressure measurements2): a/p = 5.1 exp (-139 p/E(r)) cm*torr where p/E is expressed in torr -l cm. Our measurements agree well with the pressure and voltage dependence of the gain predicted in this manner. This is illustrated in Fig. 4 which shows a comparison with our measurements at a gain of 104.
The maximum gain TREAD was found to be tially independent of pressure. ELECTRON ATTACHMENT Our gas purification system (Fig. 5) The value of co depends on the sense wire discriminator threshold. The second term is due to electron diffusion. The diffusion width along the drift direction, calculated from known transport coefficients) in H2, is uD2 = (68pm)2*Z/lcm. Due to statistics, for the sense wire threshold used in the cosmic ray data, we would expect an "ideal" a = 0.3 x 68 = 21pm.
PERFORMANCE IN THE BEAM
During the previous run of the experiment, the chamber was operated at a sense wire gain of 1.5 x 102. A this gain, the total sense wire current was 2 x 100 Amps "on spill", caused primarily by low energy electrons produced in the beam halo. Under these conditions, we did not observe any deterioration of the chamber gain or spatial resolution due 
